Feminization of rat hepatic P-450 expression by cisplatin. Evidence for perturbations in the hormonal regulation of steroid-metabolizing enzymes.
The biochemical basis for the complex effects of the anti-cancer drug cisplatin on hepatic cytochrome P-450 activity was studied in adult male rat liver using P-450 form-specific steroid hydroxylase assays and antibody probes. Cisplatin treatment of adult male rats resulted in a marked and prolonged feminization of the pattern of P-450 enzymes expressed in hepatic tissue. The adult male-specific cytochrome P-450 forms designated P-450 2c (P-450 gene IIC11), P-450 2a (gene IIIA2), and P-450 RLM2 were decreased by 70-90% after 7-14 days, with parallel decreases in their respectively associated microsomal steroid hydroxylase activities. Concomitantly, hepatic levels of the female-predominant enzymes P-450 3 (gene IIA1) and P-450j (gene IIE1) were elevated approximately 2-4-fold. The female-specific microsomal enzyme androstenedione 5 alpha-reductase was induced approximately 20-fold by cisplatin; however, no elevation of the female-specific P-450 2d was detected. The underlying hormonal basis for these effects of cisplatin was then examined. Serum testosterone levels were found to be depleted by cisplatin in a time- and dose-dependent manner which correlated with the observed changes in these hepatic enzymes. Furthermore, castration of adult rats altered the profile of these enzymes in a manner which resembled that observed with cisplatin treatment, suggesting that androgen depletion was the primary cause for the observed feminization of hepatic enzyme expression. Consistent with this possibility, the synthetic androgen methyltrienolone effectively blocked the changes in hepatic enzyme expression induced by cisplatin. Moreover, hepatic enzyme feminization was significantly reversed by chorionic gonadotropin, which fully restored serum testosterone levels in the cisplatin-treated rat. Luteinizing hormone-releasing hormone challenge experiments demonstrated that the responsiveness of the pituitary to this hypothalamic regulator of testicular androgen production was unimpaired by cisplatin treatment, indicating that hypothalamic production or secretion of luteinizing hormone-releasing hormone may be deficient in the cisplatin-treated animals. These studies establish that the effects of cisplatin on hepatic P-450 enzyme expression result from its interruption of the hypothalamic-pituitary stimulation of testicular androgen production and that this, in turn, leads to a depletion of circulating androgens required for maintenance of normal P-450 enzyme expression in adult male rats.